Supercritical fluids: an emerging technology for the preparation of scaffolds for tissue engineering by Duarte, A. R. C. et al.
Layer-by-Layer (LbL) assembly. The interaction between BSA and
CHI/ALG multilayers was assessed, manipulating multiple vari-
ables like terminating charge layer, pH, number of polyelectrolyte
layers and chemical crosslinking, to study the rate and amount of
protein adsorbed. Furthermore, the use of a QCM-D allows us to
understand the viscoelastic properties and the hydration state for the
multilayer build-up. The results evidence the inﬂuence of the out-
ermost layer and the pH conditions in the attachment of the protein
to the CHI/ALG system. This study highlights the ability to in-
corporate biomolecules into complex multilayer ﬁlms as being
potentially valuable for biomedical applications, including tissue
engineering and regenerative medicine.
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Different functional surface chemistries control not only initial
protein adsorption and production, but also the differentiation po-
tential of human mesenchymal stem cells (hMSCs) in 2-D culture
[1,2]. In this study, the different functional chemical groups of
methyl (-CH3), amino (-NH2), thiol (-SH), hydroxyl (-OH) and
carboxyl (-COOH) have been grafted on to the surface of 3-D porous
ceramic materials. hMSCs were cultured in vitro in contact with
unmodiﬁed and modiﬁed 3-D scaffolds with -CH3, -NH2, -SH, -OH
and -COOH groups in basal, chondrogenic and osteogenic media for
time periods up to 28 days in vitro. The 3-D scaffolds were char-
acterized by scanning electronmicroscopy (SEM),mercury intrusion
porosimetry (MIP), attenuated total reﬂection FTIR (ATR-FTIR)
and X-ray photoelectron spectroscopy (XPS). Differentiation of vi-
able cells at the mRNA level was determined by targeting beta-actin,
ornithine decarboxylase, collagen I, collagen II, sox-9, osteopontin,
osteocalcin, osteonectin and CBFA using real time PCR. Fluor-
escent immunohistochemistry was used to evaluate the production
of collagen I and II, osteocalcin and CBFA1. The results indicated
that the functional chemical groups had been successfully grafted
on to 3-D scaffolds with no distinct changes inmorphology. Both the
3-D structure and chemical properties of these materials had effects
on controlling hMSC differentiation with/without additional bio-
logical stimulation.
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The ﬁeld of tissue engineering has evolved greatly since the idea
of combining active compounds and scaffolds to create artiﬁcial
tissues. Small molecular weight drugs that control proliferation
differentiation of cells can be incorporated into biodegradable
scaffolds to induce cellular differentiation and tissue remodeling.
The scaffold plays, therefore an important role not only as a physical
support but also in the cell proliferation and differentiation.
One of the most important stages of tissue engineering is the
design and processing of a porous 3D structure, with high porosity,
high interconnectivity between the porous and uniform distribu-
tion. A variety of processing techniques have been developed and
include solvent casting and particles leaching, compression
moulding and particle leaching, thermally induced phase separa-
tion, gas-foaming processes, among others. The main disadvan-
tages of these methods are the use of organic solvents and the high
temperatures required. The presence of residual organic solvents is
being rigorously controlled by international safety regulations, it is
necessary to warrant the complete removal and absence of these
substances, without exposing bioactive compounds to high tem-
peratures, which may degrade them. Supercritical ﬂuid technology
appears, therefore as an interesting alternative to the traditional
processing methods.
The unique properties of supercritical ﬂuids have been explored
and have led to the development of a number of polymer proces-
sing techniques. Regarding tissue engineering and scaffold prep-
aration the most interesting techniques available are impregnation,
foaming, phase inversion and foam injection moulding. In this
contribution theses techniques will be presented and discussed
along with some examples.
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Polymeric micelle, the self-assembly of block copolymers with
core-shell architecture, is a promising nanodevice for drug and
gene delivery. There are several relevant properties in polymeric
micelle as nanodevice systems, such as longevity in blood circu-
lation, tissue-penetrating ability, spatial and temporal controlled
drug release, and reduced inherent toxicity. Also, engineering of
the block copolymer structure allows the preparation of polymeric
micelles with integrated smart functions, such as targetability as
well as stimuli-sensitivity. This presentation overviews the recent
achievements of polymeric micelles as smart nanodevices for drug
and nucleic acid delivery to solid tumors. Then, the focus will be
placed to the application of gene-loaded polymeric micelles as
non-viral vectors in the ﬁeld of regenerative medicine. Further, the
future perspective will be addressed in the last part of this pre-
sentation, directing to the new medical paradigm of smart na-
notheranostic systems controlled by external physical stimuli.
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